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The Appl ica t ion  o f  t h e  High Speed Diesel Engine 
a s  a Light  Duty Power Plant i n  Europe 

C.J .  Kind 

Pe rk ins  Engines Company, Peterborough, England 

The f a c t  t h a t  the d i e s e l  engine has  been considered and used a s  a sa loon  
c a r  power u n i t  f o r  sane  40 yea r s  may come as  a s u r p r i s e  t o  some people. They 
may admit t h a t  t h i s  i s  so bu t  w i l l  come back with t h e  r e p l y  t h a t  i t  has no t  
made very much progress  through t h e  years.  The d i e s e l  engine succeeded i n  
g e t t i n g  a name very e a r l y  on, and quite r i g h t l y  so i n  some cases, as a dour 
thumping engine t h a t  p lods  on f o r  ever,  and n o t  so f l a t t e r i n g l y  as a smelly, 
noisy,and r a t h e r  smoky power u n i t .  Very few of us would d i sag ree  with t h i s  
desc r ip t ion  up t o  say  30 y e a r s  ago, bu t  g r e a t  s t r i d e s  have been made s ince  
t h e  mid- for t ies  which have e leva ted  t h e  smal l  diesel engine i n t o  a much more 
acceptab le  automotive power u n i t .  
e m e n t r i c  would d r i v e  a d i e s e l  powered car a r e  now passing and t h e  wisdom and 
fo res igh t  of t hose  e a r l y  engineers  i s  now bearing fruit.  
combustion f e a t u r e s  o f  t h e  d i e s e l  engine are showing t o  be more compatible 
with the  s t r i c t  l e g i s l a t i v e  demands t h a t  are being t h r u s t  upon us and more 
people are now looking  f o r  a veh ic l e  wi th  good r e l i a b i l i t y ,  long l i f e  and 
maximum fuel economy. 
becoming commonplace t h e s e  days and so it is worth remembering t h a t  t h e  g r e a t  
redeeming f e a t u r e  of t h e  d i e s e l  engine is  its e x c e l l e n t  f u e l  economy and l o w  
running coscs. 

The days when only an en thus i a s t  o r  an  

The design and 

The words " fue l  resources  and energy crisis" a r e  

But when d i d  it a l l  begin  and why? 

The beqinning i n  Europe. 

The e a r l y  1930 ' s  r e a l l y  saw t h e  first product ion  high speed d i e s e l  engines,  
and these  r equ i r ed  a whole new philosophy t o  be applied.  
engines had been very heavy and bulky i n d u s t r i a l  and marine u n i t s  with a maximum 
speed of around 1000 RPM, which made them unsu i t ab le  f o r  vehic le  appl ica t ions .  

Eventually t h e  f u e l  economy shown by these  engines ,  along w i t h  t h e  

The f i rs t  d i e s e l  

a t t r a c t i v e  low fuel costs, made t h e i r  p rogress ion  i n t o  t h e  commercial veh ic l e  
market a n a t u r a l  move. 
although some of them remained below 2000 RPM, and i n  f a c t  Gardner engines t o  
t h i s  day s t i l l  keep t h e i r  r a t e d  speed i n  t h a t  same speed range. 

The r a t e d  speeds were r a i s e d  t o  around 2000 R P M ,  

The r ap id  development of t h e s e  engines from t h e  mid-1920's t o  t h e  mid- 
1930's was very  impress ive  and t h e  commercial v e h i c l e  ope ra to r s  a t t r a c t e d  
by t h e  lower ope ra t ing  c o s t s  very soon s a w  the advantages o f  t h e  d i e s e l  engined 
veh ic l e  and helped this market t o  r a p i d l y  expand. Various companies, mainly i n  
Grea t  B r i t a i n  and Germany, w e r e  developing t h e s e  engines,  w h i l s t  most o f  t h e  
French engines were be ing  b u i l t  under licence, excluding Peugeot who had 
extended t h e i r  very success fu l  p e t r o l  engine experience i n t o  t h e  d i e s e l  engine 
f i e l d  i n  1928. Those e a r l y  marine and i n d u s t r i a l  engines w e r e  made even more 
bulky by t h e  f a c t  t h a t  an a i r  compressor was requi red  to he lp  atomise the f u e l  
and provide t h e  necessary  a i r  movement for good mixing. With t h e  advent of  
t h e  Bosch f u e l  i n j e c t i o n  equipment i n  Germany and l a t e r  when C.A. Vandervell 
took up t h e  manufacture of Bosch equipment i n  England, r e a l  s t r i d e s  w e r e  taken 
i n  t h e  development process.  

The h igh  speed d i e s e l  engine, wi th  r a t e d  speeds of  3000 RPM plus came 
t o  b e  used i n  t h e  l i g h t  t ruck  market by two d i f f e r e n t  roads. The company who 
manufactured both  t r u c k s  and d i e s e l  engines saw t h e  h igh  speed engine a s  a na tu ra l  
extension o f  h i s  engines  i n  h i s  t rucks .  The o t h e r  approach was being made by t h e  
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d i e s e l  engine manufacturer who o f fe red  to r ep lace  an e x i s t i n g  gasolene engine 
i n  another  company's t ruck .  
had been gained i n  t h e  designing of  t h e  d i e s e l  engines f o r  t h e  b igger  
commercial veh ic l e s  and from t h i s  a l a r g e  amount of  knowledge was drawn which 
a s s i s t e d  i n  t h e  development of  t h e  smal le r  uni ts .  In  many cases t h e  smaller 
engine was a s ca l ed  down vers ion  of  i t s  b igger  bro ther ,  and t h e  b a s i c  des ign  
and combustion p r i n c i p l e s  were very s imi la r .  

I n  t h e  former c a s e  a v a s t  amount of exper ience  

I n  t h e  l a t t e r  cases where an e x i s t i n g  gasolene engine was being rep laced  
by a d i e s e l  engine,  a whole new design philosophy had to  be appl ied ,  because 
in t e rchangeab i l i t y  was a key f a c t o r  and t h e  d i e s e l  engine had t o  f i t  i n t o  t h e  
space vacated by t h e  gaso lene  engine. As t h e  t ransmiss ion  of t h e  t rucks  was 
aga in  designed f o r  t h e  d isp laced  gasolene engine,  t h i s  meant t h a t  t h e  
equiva len t  d i e s e l  engine had t o  have a s i m i l a r  speed and torque  range. A l l  
t h i s  w a s  a cons ide rab le  break away from t h e  t r a d i t i o n a l  d i e s e l  requirement, 
and a l a r g e  amount of  des ign  and development work was required.  

It was r e a l i s e d  e a r l y  on i n  t h e  development of t h e  high speed d i e s e l  
engine t h a t  cy l inde r  p re s su res  and engine  brea th ing  were going t o  be  prime 
r e l i a b i l i t y  and performance parameters. 

The adoption of  an i n d i r e c t  chamber engine allowed t h e  i n t a k e  p o r t  to 
be concerned only  wi th  inducing as high a mass of a i r  a s  poss ib l e ,  and t h e  
s w i r l  p rope r t i e s  r equ i r ed  f o r  e f f i c i e n t  combustion were provided by t h e  a i r  
movement i n t o  and ou t  of  t h e  chamber. 
dur ing  t h i s  t ime, each wi th  i t s  own theory  and o p t i m i s t i c  e f f i c i e n c y  put  forward 
by i t s  inventor.  One of t h e  earliest and most successfu l  des igns  was t h e  Benz, 
later Mercedes Benz of course ,  pre-chamber or pepper po t  design. This  type  of 
chamber has c e r t a i n l y  s tood  t h e  test of time a s  it i s  s t i l l  widely used today 
and i n  many s i z e s  of  engines.  This chamber was f i r s t  used i n  t h e  b igger  des ign  
of  engine,  a s  was t h e  well-known Ricardo Comet combustion chamber, which aga in  
underwent a smooth t r a n s i t i o n  i n t o  t h e  high speed engine,  where i t  i s  still  
very widely used. See Fig. 1 and 2. 

Many des igns  of chambers were evolved 

My own Company, Perk ins  Engines Company, was formed i n  1932 s p e c i f i c a l l y  
to  manufacture high speed d i e s e l  engines f o r  t h e  l i g h t e r  c l a s s  of  vehic le .  
As previous ly  mentioned, i n t e rchangeab i l i t y  w i t h  t h e  gaso lene  engine wherever 
p o s s i b l e  was t h e  primary a i m .  Fig.  3 shows comparative acce le ra t ion  d a t a  from 
a road t e s t  o f  4.2 GVW ton  t ruck  when f i t t e d  with i t s  o r i g i n a l  3 l i t re ,  s i x  
c y l i n d e r  gasolene engine,  and a 2.19 l i t re ,  f o u r  cy l inde r  d i e s e l  engine. Both 
t r u c k s  had t h e  s tandard  gasolene transmission. The s i m i l a r i t y  between t h e  two 
curves  was very encouraging a t  t h e  t i m e ,  e spec ia l ly  when t h e  f u e l  consumption 
of  15  mW f o r  t h e  gaso lene  engine and 25 mpg f o r  the diesel was a l s o  considered. 
The r a t e d  speed of 3000 RPM was t h e  same f o r  both types  o f  engine, and it was 
s a i d  t h a t  t h e  d i e s e l  engine had run smoothly a t  4000 RPM. It should be added 
t h a t  t h e  engine w a s  run  ungoverned. The sav ings  due t o  t h e  s u b s t a n t i a l l y  better 
f u e l  economy of  t h e  d i e s e l  engine were even more enhanced when one cons ide r s  
t h a t  gasolene i n  Great B r i t a i n  i n  1933 c o s t  t h e  equiva len t  of 17 c e n t s  per  
ga l lon ,  whereas t h e  d i e s e l  f u e l  c o s t  on ly  5 cen t s  per  gallon. The main reason 
f o r  t h e  d i f f e rence  was because t h e  gaso lene  f u e l  t a x  was some e i g h t  times 
h igher  than t h a t  on t h e  d i e s e l  fue l .  
the gasolene p r i c e ,  and i n  Germany an even g r e a t e r  d i f f e r e n t i a l  of approx. 70% 
w a s  seen. 

In France d i e s e l  o i l  c o s t  about h a l f  of 

Fig. 4 shows a comparative set of running c o s t s  t h a t  were i s sued  i n  
1933 by t h e  Commercial Motor. The cons iderably  lower f u e l  c o s t s  a r e  an obvious 
po in t ,  but t h e  lower maintenance c o s t s ,  even though t h e  d i e s e l  engine was a new 
type  of  power u n i t ,  shows t h a t  one of  t h e  o t h e r  v i r t u e s  o f  the d i e s e l  engine,  
was born i n  those  e a r l y  development days. The d i e s e l  engined veh ic l e  had a 
20% lower maintenance c o s t  than t h e  gaso lene  engine. 
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FIG. 4. RUNNING COSTS (PEKE PER M I L E )  I N  1933 I N  GREAT BRITAIN. 

P e t r o l  Enqined Vehicles 

2 Ton 3 Ton 4 Ton 5 Ton ---- 
Fuel  1.33 1.80 2.10 2.63 
Lubr i can t s  0.06 0.07 0.09 0.09 

Tyres  0.28 0.35 0.44 0.49 
Maintenance 1.23 1.42 1.57 1.70 
Deprec ia t ion  0.54 0.66 0.93 1.05 

~~~ ~ 

Total  : 3.44 4.33 5.13 5.96 

Fuel  

Lubricants  

Tyres 

Maintenance 

Depreciat ion 

D i e s e l  Engined Vehicles 

3 Ton 4 Ton 5 Ton 

0.38 0.44 0.55 

0.12 0.16 0.16 

0.56 0.74 0.84 

1.15 1.26 1.35 

0.80 1.10 1.27 

--- 

Total  : 3.01 3.70 4.17 

FIG. 5. 

Weight 
Unladen 

CHANGES IN THE VEHICLE ROAD TAX I N  GREAT BRITAIN I N  1934 

Gasolene Diesel Diesel  

Pneumatic Tyres Pneumatic Tyres Sol id  %res 

1933 From 1933 From From 1 J a n  '34 
1.1.34 1.1.34 - -  

Under 12 cwt. E10 510 E10 f35 

12 cwt - 1 t on  E15 215 E15 235 

1 - 13 ton E20 220 f20 235 

14 - 2 ton E25 f25 E25 f35 
2 - 2) ton E28 E30 228 2.35 

24 6 

24 6 

f4 6 

24 6 

f4 6 

\ 
\ 

'\ 

\ 

For gasolene engined veh ic l e s  with s o l i d  t y r e s  t h e  road tax 
remained unchanged a t  t h e  same rate as t h e  p re sen t  pneumatic 
t y r e  tax. 
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This Utopia for  t h e  d i e s e l  engine veh ic l e  could no t  l a s t ,  and i n  
Great B r i t a i n  i n  1934, they were penal ised a g a i n s t  t h e  equ iva len t  gasolene 
engine by a h ighe r  road tax. See Fig.  5. The new t a x  could be offset 
t o  some ex ten t  by t h e  conversion from s o l i d  t y r e s  t o  pneumatic t y r e s ,  and thus  
a saving of fll per  annum was possible .  
no t  a l t o g e t h e r  being r e t a rded  by t h e  new laws. 

So t h i s  showed t h a t  technology was 

One novel f a c t  t h a t  was put forward was t h a t  t h e  increased motor t a x e s  
could l ead  t o  more deaths.  
more people would now go back t o  ho r se  d r iven  carts, and these b e a s t s  
a t t r a c t e d  f l ies  which k i l l e d  more people by i n f e c t i o n  than  d i d  t h e  motor 
veh ic l e  by road acc iden t s  a t  t h a t  time. 

The reasoning behind t h i s  s ta tement  being t h a t  

Fu r the r  p re s su re  was appl ied t o  t h e  d i e s e l  engine in ' 1935  when t h e  
B r i t i s h  Government r e a l i s e d  t h a t  t h e r e  was a danger t o  i t s  gasolene revenue, 
and so they increased t h e  tax on t h e  d i e s e l  f u e l  and made it equal  to t h a t  
on t h e  gasolene. 

A number of s ta tements  made a t  t h e  t i m e  make i n t e r e s t i n g  reading such 
a s  t h e  Min i s t e r ' s  s ta tement  t h a t  "The o i l  engine can do a s  much work on 1 
ga l lon  of f u e l  a s  t h e  p e t r o l  can do on 1$ gal lons" ,  and t h e  pro-diesel  f a c t i o n  
who "bel ieve t h a t  t h e  o i l e r  w i l l  cont inue t o  l i v e  and f l o u r i s h  bu t  i t  must 
no t  be s tun ted  i n  i t s  youth", and t h e  inc rease  of t a x  even pleased some 
people a s  it would "encourage t h e  steam veh ic l e  trade".  T i m e s  d o n ' t  change 
t h a t  much do  they? 

This  i n c r e a s e  o f  t ax  was a considerable  blow t o  a l l  concerned i n  t h e  
d i e s e l  market, bu t  work continued a s  t h e  b e t t e r  f u e l  economy o f  t h e  d i e s e l  
was s t i l l  worthwhile,  but  i t  now became even more e s s e n t i a l  t h a t  t h e  first 
c o s t  should be maintained a s  low a s  possible .  Th i s  meant t h a t  t h e  production 
p r i n c i p l e s  and techniques t h a t  appl ied t o  t h e  gasolene engine manufacturing 
indus t ry ,  had a l s o  t o  be app l i ed  t o  t h e  d i e s e l  engine wherever possible .  
This  was e s p e c i a l l y  e s s e n t i a l  f o r  t h e  smaller  d i e s e l  engine,  a s  i t  took t h a t  
much longe r  t o  o f f s e t  t h e  first costs with tkae lower f u e l  consumption, simply 
because t h e  t o t a l  quan t i ty  of f u e l  consumed was small .  The manufacturer who 
made both gasolene and d i e s e l  engines had an advantage i n  t h a t  h e  had many 
components a t  hand which h e  could design i n t o  both engines  and maximise an 
r a t i o n a l i s a t i o n  between t h e  two types of engines. 

The f u e l  i n j e c t i o n  equipment was, and still is ,  an expensive component 
i n  r e l a t i o n  t o  t h e  t o t a l  engine f i r s t  c o s t s  of a small  d i e s e l  engine. Th i s  
was, t he re fo re ,  one of t h e  main f a c t o r s  why t h e  engine first c o s t s  were so 
high, and t h i s  coupled with customer inexperience of t h i s  type o f  equipment 
was a holding f a c t o r  i n  t h e  poss ib ly  even more r ap id  development of t h e  smaller  
engine. 
not long be fo re  most ope ra to r s '  doubts  were d i s p e l l e d  and i t  soon became 
obvious t h a t  t h e  r e l i a b i l i t y  of the f u e l  pump was considerably b e t t e r  than 
t h a t  of t h e  e l e c t r i c  i g n i t i o n  equipment f i t t e d  t o  t h e  gasolene engine. 
Consequently, t h e  lower maintenance and down time c o s t s  w e r e  soon seen a s  
a f u r t h e r  bonus t o  t h e  d i e s e l  engine veh ic l e  operator .  

Due t o  t h e  commendable r e l i a b i l i t y  o f  t h e s e  first f u e l  pumps i t  was 

The first d i e s e l  powered saloon ca r s .  

It was obvious t h a t  t h e  e x c e l l e n t  f u e l  economy o f  t h e  d i e s e l  engine would 
a l s o  prove a t t r a c t i v e  to  the p r i v a t e  moto r i s t s ,  and so t h e  e a r l y  1930's saw 
p a r a l l e l  tests being run i n  both t r u c k s  and passenger cars .  
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The need for  comparative s i z e ,  weight,  power and engine speed between 

F u r t h e r  f a c t o r s  had a l s o  
t h e  d i e s e l  eng ine  and the  gasolene engine became even more important when 
i n s t a l l a t i o n  i n t o  a passenger  c a r  was considered. 
now t o  be considered such a s  noise ,  v i b r a t i o n  and smell. 

The f irst  product ion d i e s e l  engined c a r  was t h e  Mercedes Benz "260D" 
which was powered by a f o u r  cy l inde r  2.6 l i tre engine which gave 45 HP a t  
3000 RPM. The c a r  was normally f i t t e d  with a 2.3 l i t re  gasolene engine. 
This d ie se l  engine,  t h e  OM138, was a descendant o f  the pre-chamber t ruck  
eng ine  and proved t o  be t h e  very success fu l  forerunner  of a whole range of 
Mercedes d i e s e l  engines  designed to  s u i t  t h e  passenger car. The f u e l  consump 
t i o n  of 30 mpg and a m a x i m u m  speed of 60 mph w a s  very commendable, e s p e c i a l l y  
when t h e  s i z e  and weight o f  t h e  veh ic l e ,  which was r e a l l y  only a m a l l  t r a n s i t -  
i o n  from t h e  l i g h t  commercial veh ic l e ,  was considered. This c a r  gave e x c e l l e n t  
s e r v i c e  t o  many people,  bu t  of course t h e  w a r  yea r s  prevented any f u r t h e r  
development on t h e s e  l i n e s ,  and it was not u n t i l  1949 t h a t  a new model, t h e  
170D, was seen. 

The passenger  c a r  a p p l i c a t i o n  was a l s o  being looked a t  i n  England i n  
t h e  e a r l y  1930's  w i th  a n  eye to  Diesel  conversion. I n  1933, a 2.9 l i t r e  
Pe rk ins  engine was i n s t a l l e d  i n  a gasolene production c a r  and a c r e d i t a b l e  
running c o s t  of 4 c e n t  p e r  m i l e  was seen with equivalent  performance to  t h a t  
g iven  by the d i sp laced  gasolene engine. 

Various capac i ty  d i e s e l  engines were t e s t e d  and one of t h e  bigger  
conversions was a 3.8 l i t re  Gardner engine r a t ed  a t  8 3  BHP a t  3200 RPM which 
replaced a 3.5 l i t r e  gasolene engine. This  saloon c a r  had a t o p  speed of 83 
mph and an o v e r a l l  f u e l  consumption of 44 mpg, which was considerably b e t t e r  
t han  t h e  16 - 18 m p g  achieved with t h e  gasolene engine. A p o i n t  of note  was 
a l s o  t h a t  t h e  conversion only added 100 lbs .  t o  t o t a l  veh ic l e  weight. 

The e x c e l l e n t  f u e l  economy and r e l i a b i l i t y  of t h e s e  c a r s  a t t r a c t e d  people 
who had t o  cover  very long  d i s t ances ,  bu t  even g r e a t e r  b e n e f i t s  were to >e seen 
by t h e  ope ra to r s  of s t o p  s t a r t  veh ic l e s  such as small  d e l i v e r y  vans and taxis. 

Fur the r  impetus t o  t h e  development of t h e  d i e s e l  engine was given by 
t h e  p o l i t i c a l  c l i m a t e  i n  Europe during t h e  mid and l a t e  1930's. 
from imported f u e l s  was aimed a t ,  and so a v a r i e t y  o f  home produced f u e l s  from 
c o a l  and gas  f u e l  were t e s t e d .  As it was s impler  t o  convert  a d i e s e l  engine to 
o p e r a t e  on a v a r i e t y  of f u e l s  r a t h e r  t han  a p e t r o l  engine,  it was gene ra l ly  
t h e  former which was the bas i c  engine used f o r  t h e  development work. 

Independence 

The Second Era. 

I n  1949, Daimler-Benz produced t h e  170 S e r i e s  of sa loon  cars. This 
model was t h e  fo re runne r  o f  a whole new series of passenger cars produced by 
t h i s  company, and has  seen  gasolene and diesel engines  i n s t a l l e d  i n  p a r a l l e l  
up t o  t h e  p r e s e n t  t i m e .  

The 1.76 l i t r e  d i e s e l  eng ine (m636)  embodied much of t h e  experience 
gained from t h e  e a r l i e r  2.6 l i tre engine,  and t h i s  enabled t h e  smaller  engine 
t o  have a r a t e d  speed of 3200 rpm and an ou tpu t  of 21.6 bhp / l i t r e .  
i t y  of t h i s  veh ic l e  i s  shown by t h e  fact t h a t  27,000 170D's were sold i n  t h e  
t h r e e  yea r s  f r o m  1949 t o  1952. The first c o s t  of the d i e s e l  engined car w a s  
only 8185 more than  t h e  equ iva len t  p e t r o l  model, and w i t h  a f u e l  consumption 
of 40 - 45 mpg, it took very l i t t l e  t ime be fo re  t h e  d i e s e l  c a r  was making a 
considerable  saving. 

The popular- 

r l  



53 

I 

I 
I 

I 

I 

T h i s  engine was developed f u r t h e r  and i n  1953 t h e  180D was introduced 
wi th  t h e  f o u r  c y l i n d e r  engine now ra t ed  a t  43 bhp a t  3500 rpm, 24.4 b h p / l i t r e ,  
and a c a p a b i l i t y  of 3800 rpm. These engines had a s t roke /bore  r a t i o  o f  1.33, 
bu t  when a new 2 l i t r e  engine  was in t roduced  i n  1959, it had a reduced r a t i o  
of 0.96, which allowed a h igher  opera t ing  speed of  4350 rpm and a s p e c i f i c  
ou tpu t  of 21.5 bhp / l i t r e .  

The European Cont inenta l  coun t r i e s  still  gave an e x t r a  boost t o  t h e  
development of t h e  d i e s e l  engine i n  t h e  e a r l y  f i f t i e s  by keeping t h e  cost of 
d i e s e l  f u e l  well  below t h e  gasolene c o s t s ,  w h i l s t  i n  Great B r i t a i n  t h e  
d i f f e r e n c e  i n  1954 was only  a l i t t l e  over  2.5 cents .  
l i t t l e  d i f f e rence  i n  f u e l  c o s t s  i n  t h e  U.S.A. a t  t h i s  t i m e  and, so aga in ,  t h e  
incen t ive  was low. 

There was a l s o  very 

Various European Cont inenta l  manufacturers now began producing d i e s e l  
powered cdrs, such a s  F i a t  i n  I t a l y  and Borgward Hansa i n  Germany and event- 
u a l l y  i n  1954 t h e  Standard Motor Company Limited began producing a sa loon  model 
i n  England. 
automotive magazine a t  t h e  t i n e  which s t a t e d  t h a t  61,200 miles was needed t o  
be covered by t h i s  c a r  before  t h e  high p r i c e  d i f f e r e n t i a l  of 8640 was o f f s e t .  
This  mileage was r equ i r ed  on t h e  b a s i s  o f  t h e  d i e s e l  engined c a r  g iv ing  40 'npg 
a s  aga ins t  23 mpg of i t s  equiva len t  gasolene engine. 

The e s s e n t i a l  po in t  on f i r s t  c o s t s  was poin ted ly  shown by an 

The top  speeds of t h e  d i e s e l  c a r  were gene ra l ly  some 10 - 20 mph lower 
than  t h e  gasolene, bu t  even more f r u s t r a t i n g  was t h e  poor acce lera t ion .  
gene ra l ly  was due t o  t h e  prime e s s e n t i a l  of i n t e rchangeab i l i t y .  
ou tput  HP/ l i t re  of  t h e  d i e s e l  engine has  always been lower than  t h e  gaso lene  and, 
as t h e  engine bulk dimensions had t o  remain e s s e n t i a l l y  t h e  same f o r  bo th  engines,  
t h i s  meant t h a t  t h e  d i e s e l  had a 10 - 15% lower p o w e r  outLut,  and a maximum 
engine speed between 1000 - 1500 rpm lower than  t h e  gasolene. 
t h e  t ransmiss ion  r a t i o s  w e r e  not changed and so t h e  veh ic l e  performance suf fered  
aga in  from th i s .  Sometimes an overdr ive  rhtio was f i t t e d  which enabled a 
h ighe r  t o p  speed, bu t  t h e  poor acce le ra t ion  was gene ra l ly  seen a s  a b ig  
d isadvantage  t o  t h e  average motor i s t .  

T h i s  
The s p e c i f i c  

I n  many cases  

The d r i v e r  who covered very long d i s t a n c e s  and requi red  a reasonable  
c r u i s i n g  speed wi th  good r e l i a b i l i t y ,  found t h e  d i e s e l  car t o  h i s  l i k i n g .  

An even more b e n e f i c i a l  app l i ca t ion  was i n  t h e  veh ic l e  t h a t  used a s top  
s t a r t  and low load  f a c t o r  type  of  operation. 

The d i e s e l  engine has  nominally a cons t an t  volumetric e f f i c i e n c y  and 
compression r a t i o  through t h e  load range  a t  a given speed, whereas t h e  gaso lene  
engine has t o  contend wi th  f a l l i n g  va lues  a t  p a r t  load due t o  t h e  t h r o t t l i n g  of  
t h e  a i r  f low a t  t hese  condi t ions .  This d i f f e rence  is  shown i n  t h e  better p a r t  
load  economy of t h e  d i e s e l  engine and so t h e  s t o p  s t a r t  o r  p a r t  load app l i ca t -  
i o n s  show t h e  d i e s e l  engine t o  cons iderable  advantage. 

Fig. 6 shows how t h e  s p e c i f i c  f u e l  consumption curves of  t h e  same capac i ty  
engine when t e s t e d  i n  d i e s e l  and gasolene  forms d iverge  a t  t h e  p a r t  load 
condition. This f e a t u r e  when t r a n s f e r r e d  to  a c t u a l  road running r e s u l t s  
shows thak  t h e  l i g h t  load running g ives  approximately t h r e e  t i m e s  t h e  f u e l  
saving seen a t  t h e  high load  f a c t o r  running. See Fig. 7. 

Various types  of  veh ic l e s  s a w  t h e  economy of t h e  d i e s e l  engine i n  t h i s  
way i n  t h e  m i d  1950 ' s ,  and t h e  engine was used i n  app l i ca t ions  va iy ing  from 
t a x i s  t o  de l ive ry  vans and road sweepers. 

The rap id  i n c r e a s e  i n  t h e  use  of  t h e  d i e s e l  engine f o r  t a x i  a p p l i c a t i o n s  
was most spec tacu la r  i n  Great Br i t a in .  Fig. 8 shows how t h e  first t a x i  was 
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r e g i s t e r e d  i n  1953 and wi th in  2 y e a r s  t h e  number of new r e g i s t r a t i o n s  had 
overtaken t h a t  of t h e  gasolene engined t a x i s .  
e r r a t i c  t r end ,  poss ib ly  due t o  t h e  economic c l ima te  a t  t h a t  time, bu t  s i n c e  
1961 the i n c r e a s e  has  sho;m a p o s i t i v e  upwards swing. The r i s i n g  t r e n d  o f  
t h e  gasolene taxi s i n c e  1961 i s  due t o  t h e  number o f  smaller  companies and 
i n d i v i d u a l s  who a r e  us ing  t h e i r  p r i v a t e  c a r s  i n  t h i s  market. 

The l a t e  1950's  saw an 

Fig. 9 shows h o w  t h e  German d i e s e l  passenger c a r  market has  always been 
t h e  l a r g e s t  i n  t h e  world,  with an impressive fityure of 0.5 mi l l i on  d i e s e l  cars 
being used i n  1972. It i s  est imated t h a t  45,000 t a x i s  w i l l  be  r e g i s t e r e d  i n  
Germany during 1972/73, and 80% of t h e s e  w i l l  b e  d i e s e l  powered. This  shows 
t h a t  t h e  v a s t  ma jo r i ty  of d i e s e l  engined c a r s  a r e  being run by companies and 
t h e  pub l i c  f o r  t h e i r  p r i v a t e  use  and o v e r a l l  f u e l  consumption and r e l i a b i l i t y  
must be p r i o r i t y  f e a t u r e s  a s  they a r e  i n  t h i s  market i n  any country. 
p o s i t i o n  i n  France s i n c e  1963 is a l s o  shown on Fig. 9 ,  and although t h e  a c t u a l  
numbers involved a r e  much sma l l e r ,  t h e  t r end  shown from 1969 - 1972 i s  p a r a l l e l  
t o  t h e  German experience.  

The 

The owner of a motor car who t r a v e l s  above t h e  average annual mileage, 
say 25,000 m i l e s  or more, w i l l  see t h e  b e n e f i t  o f  running a d i e s e l  car, and 
t h e  auto-routes  seen ac ross  t h e  European Continent a r e  i d e a l  roads for t h i s  
t ype  of d r iv ing ,  a s  a r e  t h e  American freeways. 

I n  Great B r i t a i n  w e  do not  have t h e  road system, or even possibly t h e  
square mileage of country,  t o  see t h e  same usage of d i e s e l  engined c a r s  a s  on 
t h e  European Continent ,  and consequently t h e  ma jo r i ty  o f  t h e s e  veh ic l e s  a r e  
used a s  t a x i s .  A s  t h e  f u e l  savings a r e  so much g r e a t e r  a t  t hese  p a r t  load 
running condi t ions,  t h e  mileage necessary t o  o f f s e t  t h e  higher  f i r s t  c o s t s  
i s  much less. A t y p i c a l  d i f f e r e n c e  i n  t h e  f u e l  consumption f o r  a London taxi 
cab type o f  duty would be 20 mpg f o r  t h e  gasolene engined t a x i  and 3 5  mpg f o r  
i t s  d i e s e l  engined equivalent .  

The 1 2 c w t  - 1 t o n  l i g h t  van market i s  a very high quan t i ty  market, bu t  
a s  y e t  t h e  d i e s e l  engine has  made very f e w  inroads.  
because of f i rs t  costs, a l though t o  some e x t e n t  t h e  performance penal ty  is  
still  f e l t  i n  t h i s  low weight vehicle .  

This again i s  e s s e n t i a l l y  

The 1 - 19 ton  v e h i c l e  market i s  a l s o  a very l u c r a t i v e  market, and t h e  
!f 

t 
' /  

d i e s e l  engined veh ic l e  i s  showing a s teady r ise  here.  

1 
The l i g h t  t ruck  app l i ca t ions  used by l o c a l  Au thor i t i e s  f o r  road cleaning,  

r e f u s e  d i sposa l  and o t h e r  c i t y  work, see t h e  advantages of t h e  d i e s e l  i n  t h e s e  
app l i ca t ions .  The p a r t  l oad  economy again shows i t s  b e n e f i t  i n  t h e s e  t rucks ,  
and t h e  higher  first costs can be o f f s e t  i n  about 3 years .  The r e l i a b i l i t y  of 
t h e s e  engines giving less 'down-time' and ' d a l l  o u t '  problems i s  a f u r t h e r  
added bonus. 
i s  necessary.  

1 

These t r u c k s  g i v e  a b u t  10  yea r s '  s e r v i c e  be fo re  a major overhaul 

I f  w e  look a t  t h e  production r a t e  o f  t h e  d i e s e l  engined c a r  i n  Europe 
over  t h e  l a s t  15  yea r s ,  w e  see t h a t  t h e r e  has  been a p o s i t i v e  inc reas ing  r a t e  - 
See Fig. 10. 
ca r s .  

The graph does not  i nc lude  conversions bu t  only production l i n e  

This  t rend proved a t t r a c t i v e  t o  more gasolene engine c a r  manufacturers 
and today w e  have t h r e e  major manufacturers who produced a t o t a l  of 180,000 
d i e s e l  engined saloon c a r s  i n  1972. Between them, these  manufacturers - 
Mercedes Benz, Peugeot and Opel, produce a wide range of d i e s e l  engined 
veh ic l e s  ranging from a small  saloon t o  an 8 s e a t e r  l imousine.  
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A l l  t h e  veh ic l e s  have fou r  cy l inde r  engines ,  even t h e  b igges t  which 
has  a 2.4 l i t r e  engine,  and t h e  h ighes t  r a t e d  speed i s  now a c r e d i t a b l e  
5350 rpm seen from t h e  Peugeot cm3 enyine. 

Whils t  t h e  d i e s e l  engine has  been making cons ide rab le  s t r i d e s  i n  i t s  
development with an eye on t h e  saloon c a r  market,  t h e  gasolene engine has ,  
of course,  equal ly  been i n t e n t  on f u r t h e r  development and, consequently,  it 
would be true t o  say  t h a t  t h e  performance gap h a s  no t  decreased. The 
performance of t h e  gasoiene engined c a r  h a s  improved s u b s t a n t i a l l y  s i n c e  t h e  
end of t h e  2nd World War, and so i n  a d i r e c t  comparison t h e  gasolene c a r  i s  
s t i l l  supe r io r  i n  a c c e l e r a t i o n  and maximum speeds.  But we must not l e t  t h i s  
overshadow t h e  developments t h a t  have been seen i n  t h e  d i e s e l  engine,  where 
a 50% i n c r e a s e  i n  r a t e d  speed has  been achieved and s p e c i f i c  ou tpu t s  have 
nea r ly  doubled. Without a doubt,  t h e  saloon c a r  market has  provided t h e  
s t imulus for t h i s  development, and many people  b e l i e v e  t n a t  t h e  p o t e n t i a l  
world market f o r  t h e  d i e s e l  engined c a r  and l i g h t  t ruck  has  y e t  t o  be exp lo i t ed .  

Today's gasolene engined c a r  has  on average s t i l l  a 10 seconds advantage 
on a 0 - 60 mph acce le ra t ion  test ,  and a t o p  speed some 15 - 20 mph f a s t e r ,  
bu t  i n  t h e s e  days of i nc reas ing  l e g i s l a t i o n  t o  reduce speed l i m i t s ,  t h e  d i e s e l  
c a r  performance g iv ing  75 - 85 mph i s  more t h a n  adequate.  

W e  still  have t h e  o l d  problem of f i r s t  costs and t h e  b a s i c  p r i c e  
d i f f e r e n t i a l  v a r i e s  from 8250 t o  8750, b u t  equa l ly  so w e  a l s o  still  have t h e  
considerably b e t t e r  f u e l  consumption from t h e  d i e s e l  car. Such a d j e c t i v e s  
a s  "astonishing",  "tremendous" and "dramatic" a r e  f r equen t ly  used when people 
compare t h e  f u e l  consumptions of these  cars and, i n  gene ra l ,  they g i v e  60 - 70% 
m i l e s  more p e r  ga l lon  than t h e i r  gasolene engined counterpar ts .  

W e  have seen  how economy h a s  always been a paramount f a c t o r  i n  t h e  s a l e s  
of d i e s e l  c a r s ,  and t h i s  was undoubtedly helped by t h e  b e n e f i c i a l  d i f f e r e n t i a l  
i n  f u e l  costs seen i n  most European coun t r i e s .  It i s  poss ib ly  a demonstration 
of t h e  i n s i g h t  and g r a t i t u d e  of t h e  p o l i t i c i a n  t o  see from Fig.  11 t h a t  Germany, 
who for so long has  been t h e  l eade r  i n  t h e  d i e s e l  c a r  market, has  now, along 
with t h e  United Kingdom, t h e  dubious honour of having no o r  even an adverse 
c o s t  d i f f e r e n t i a l  when compared with cu r ren t  gasolene pr ices .  Extra  s t r e n g t h  
i s  r e a l l y  given t o  the case  f o r  t h e  d i e s e l  engine by t h i s  f a c t ,  a s  t h e  f u e l  
economy i s  still being seen as a worthwhile f a c t o r  i n  purely mpg terms. 

THE FUTURE: 

If we now look i n t o  t h e  f u t u r e ,  itow do w e  see t h e  d i e s e l  engined saloon 
c a r  i n  t h e  l i g h t  of l e g i s l a t i v e  and f u e l  r e source  pressures .  

The u s e  of t h e  I .D. I .  combustion p r i n c i p l e  f o r  t h e  small  d i e s e l  engine 
began, a s  I s a i d  before ,  a t  t h e  very beginning of t h e  development e r a  of t h e  
d i e s e l  engine. Some people might c a l l  it f o r e s i g h t ,  f o r t u i t o u s  o r  just l U u C ,  

t h a t  t h i s  t ype  of engine i s  now proving t o  b e  a much b e t t e r  emission c o n t r o l l e d  
engine than e i t h e r  the D . I .  d i e s e l  engine o r  t h e  gasolene engine. But r e a l l y  
t h e  f a c t  t h a t  t hey  w e r e  chosen because they  had lower c y l i n d e r  p re s su res ,  
along with b e t t e r  breathing,  i s  t h e  reason why t h i s  combustion p r i n c i p l e  i s  
now showing t o  advantage i n  t h e s e  days of l o w  NO and noise. Lowering t h e  
r a t e s  of p re s su re  rise and peak cyc le  temperatures  by r e t a r d i n g  t h e  i n j e c t i o n  
is  a w e l l  known p r i n c i p l e  and i n  t h e  I . D . I .  engine t h i s  a l s o  has  t h e  added 
b e n e f i t  of reducing t h e  exhaust smoke. This  l a t e r  t iming a l s o  reduces t h e  
combustion no i se  l e v e l s  and so w e  g radua l ly  have a s i t u a t i o n  where t h e  previous 
disadvantages of t h e  d i e s e l  engine a r e  a l s o  being reduced. 
problem of i n s t a l l a t i o n .  

Taking t h e  o l d  
If w e  can s u f f i c i e n t l y  dec rease  t h e  r a t e  of c y l i n d e r  



pres su re  rise and hence t h e  combustion no i se ,  a t  both high and low speeds, 
i t  may be p o s s i b l e  t o  reduce t h e  bulk and weight of t h e  d i e s e l  engine and 
so reduce t h e  i n s t a l l a t i o n  problems, and a t  t h e  same time reduce t h e  f i r s t  
c o s t  d i f f e r e n t i a l .  

This p r i n c i p l e  h a s  of cour se  t o  b e  i n v e s t i g a t e d  i n  considerable  d e t a i l  
and analysis ,  o r  the  s i t u a t i o n  w i l l  a r i s e  where t h e  r educ t ion  i n  engine bulk 
w i l l  a l l o w  more no i se  t o  be released.  

By ex tens ive  a n a l y s i s  of t h e  c y l i n d e r  block loading and v ib ra t ion  i t  
may be poss ib l e  t o  design a block which can d i s t r i b u t e  t h e  loading more 
e f f e c t i v e l y  and so reduce t h e  no i se  gene ra t ing  sources  along with a reduct ion 
i n  engine bulk. 

The d i e s e l  knock becomes more o b t r u s i v e  i n  t h e  car app l i ca t ion  a t  t h e  
lower engine speeds,  and means of reducing i g n i t i o n  delay per iods and smoothing 
o u t  t h e  r a t e s  of c y l i n d e r  p re s su re  rise seen a t  p a r t  load condi t ions w i l l  have 
t o  be found be fo re  t h e  average moto r i s t  w i l l  be  s a t i s f i e d .  
experience of such sounds wi th  h i s  gasolene engined car h a s  usua l ly  given 
him v i s ions  of f a i l i n g  bea r ings  and p i s tons ,  and p o s s i b l e  some re-education 
i s  needed t o  convince him t h a t  t h e  d i e s e l  engine i s  designed t o  withstand 
t h e s e  loads.  

His previous 

The U.S.  l e g i s l a t i o n  on g aseous emissions h a s  caused enormous headaches 
f o r  a l l  engine manufacturers  a l l  over t h e  world. 

The manufacturers of t h e  gasolene engine have been t h e  ha rdes t  h i t ,  bu t  
after a l l  it was them who c r e a t e d  t h e  problem i n  t h e  first p lace  and are now 
experiencing t h e  g r e a t e s t  d i f f i c u l t y  i n  meeting t h e  s t r i n g e n t  requirements. 

Many e s t ima tes  and gloomy p red ic t ions  have been made on t h e  reduced power, 
increased f u e l  consumption, and increased first costs of t h e  gasolene engined 
c a r  t h a t  can meet t h e  1975/1976 and subsequent yea r s '  l e g i s l a t i o n .  
CVCC, and va r ious  rotary engine design concepts  have been developed so a s  t o  
meet the l e g i s l a t i o n ,  w h i l s t  the standard r ec ip roca t ing  gasolene engine h a s  
had t o  in t roduce  many e x t e r n a l  innovat ions.  The I . D . I .  d i e s e l  engine has  
many of t h e  r e q u i r e d  design and combustion f e a t u r e s  a l r eady  b u i l t  i n t o  it and 
any f u r t h e r  mod i f i ca t ions  w i l l  g ene ra l ly  come about by engine i n t e r n a l  modifi- 
ca t ions .  Th i s  m e a n s  t h a t  t h e  offending p o l l u t a n t s  a r e  no t  generated i n  t h e  
first place,  and so t h e  need for  expensive c o r r e c t i v e  ac t ion  i s  not required.  

The Honda 

The number of eng ine  modif icat ions required by t h e  d i e s e l  engine a r e  
r e l a t i v e l y  small i f  t h e  1975/76 Federal  l i m i t s  are t o  be m e t ,  and it i s  
gene ra l ly  true t o  say t h a t  t h e  stricter t h e  limits t h e  more ab le  t h e  d i e s e l  
engine i s  t o  m e e t  them. A very small power and SFC penal ty  i s  expected f r o m  
t h e  d i e s e l  engine i f  it has t o  meet t h e  p ro jec t ed  1975 C a l i f o r n i a  l e g i s l a t i o n ,  
and wi th  only marginal i nc reased  cost .  Very few f i g u r e s  are re l eased  by t h e  
gasolene engine manufacturer  on t h e  effects of t i dy ing  up h i s  emissions 
problem, b u t  cons ide rab le  power de ra t e s ,  i n c r e a s e s  of veh ic l e  weight, 
i nc reases  of first c o s t s ,  and most c r i t i c a l  of a l l  increased f u e l  consumption, 
a r e  all f a c t o r s  which w i l l  gene ra l ly  apply. 

The lower s p e c i f i c  ou tpu t  of t h e  d i e s e l  engine h a s  to  be increased i f  

This  i n c r e a s e  can come about by turbocharging and along with it, 
it is to e f f e c t i v e l y  compete on a performance b a s i s  with t h e  gasolene engined 
saloon. 
f u r t h e r  improvements i n  f u e l  economy. The turbocharger  w i l l  obviously 
i n c r e a s e  t h e  first c o s t s ,  bu t  t hese  w i l l  b e  more than  o f f s e t  by t h e  very 
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expensive c a t a l y t i c  conve r t e r s  r equ i r ed  by the gaso lene  engine. 

Fig. 12  shows a test  bed comparison between a 4-cylinder 108 cu. in. 
turbocharged d i e s e l  engine and a 104 a. i n .  gasolene engine. The gasolene 
engine w a s  i n  s tandard,  non-de-toxed condi t ion.  S ince  4000 rev/min was 
t h e  maximum speed of the d i e s e l ,  t h e  gasolene curve was a l s o  discont inued 
a t  t h i s  speed al though no t  reaching a m a x i m u m  u n t i l  4800 rev/min. The superio:  
f u e l  consumption of t h e  d i e s e l  i s  c l e a r l y  shown. 

Each engine was i n s t a l l e d  i n  a UK Ford passenger c a r  and comparative 
road t e s t  d a t a  obtained. Histograms of f u e l  consumption, maximum speed 
and acce le ra t ion  a r e  shown i n  Fig. 13. The s t and ing  s t a r t  acce le ra t ion  
of t h e  d i e s e l  powered v e h i c l e  was s l i g h t l y  i n f e r i o r  t o  the gasolene c a r ,  
due mainly t o  t h e  h ighe r  r o t a t i n g  i n e r t i a  of t h e  d i e s e l  engine and heavier  
i n s t a l l e d  weight. Top gea r  a c c e l e r a t i o n  above 40 mph was, however, b e t t e r  
w i th  t h e  d i e s e l  engine,  a s  w a s  t h e  t o p  speed. Fuel consumption was consider- 
a b l y  b e t t e r  w i th  t h e  diesel, p a r t i c u l a r  a t  lower speeds. Fig.  14  shows t h e  
s teady speed f u e l  consumption a t  va r ious  speeds. 

So the turbocharger  w i l l  g i v e  improved performance and f u e l  economy 
t o  t h e  d i e s e l  engined v e h i c l e ,  whilst i t s  gasolene counterpar t  i s  subjected 
t o  reduced performance and economy. 

Two more fundamental y e t  s u b s t a n t i a l  changes may b e  required t o  t h e  
d i e s e l  saloon philosophy, which a f f e c t  both engine and c a r  manufacturer,  
i f  t h i s  t y p e  of v e h i c l e  i s  t o  be f u l l y  accepted. 

F i r s t ,  engines  of s i x  c y l i n d e r  conf igu ra t ion  may b e  required,  one 
manufacturer h a s  s p l i t  t h e  d i f f e r e n c e  and i s  working on a f i v e  cy l inde r  
engine,  b u t  if powers ove r  120 BHP are required t h e n  a turbocharged s i x  
cy l inde r  w i l l  be  t h e  answer. 

Second, t h e  t r ansmiss ion  should b e  designed for t h e  d i e s e l  engine and, 
if t h e  engine i s  turbocharged, t h e n  a to rque  conve r t e r  should be matched 
t o  i t s  torque curve. 

I t h e r e f o r e  foresee the r o l e  o f  t h e  small  high speed d i e s e l  engine 
inc reas ing  i n  t h e  l i g h t  duty market,  and this market p o t e n t i a l  should provide 
a r e a l  stimulus t o  t h e  d i e s e l  engine manufacturer to  f u r t h e r  improve h i s  
product and prove that t h e  image of t h e  d i e s e l  engined ca r  i s  due f o r  a 
w e l l  deserved brush-up. 

The v e h i c l e  manufacturer h a s  t o  accep t  t h a t  t h e  t ransmission h a s  t o  
be developed around t h e  d i e s e l  engine,  and i f  a concerted e f f o r t  w a s  made 
by a l l  p a r t i e s  concerned, the l a t e  1970s and i n t o  t h e  1980s could s e e  improve- 
ments i n  both environmental  cond i t ions  and a s u b s t a n t i a l  reduct ion i n  t h e  r a t e  
o f  exhaustion of our  va luab le  f u e l  resources .  

CURRENT LIMlTS FOR LIGHT DUTY DIESEL ENGINES: 

1. Power - "his i s  dependent o f  speed (rev/min) and brake mean e f f e c t i v e  
p re s su re  (b.m.e.p.1. 

2. Speed - For the s i z e  of engine considered, the  l i m i t i n g  f a c t o r  i s  
usua l ly  mean p i s t o n  speed. 
operated f o r  sus t a ined  pe r iods  a t  p i s t o n  speeds over 2500 ft/min. 
Some gasolene engines  o p e r a t e  a t  up t o  3500 ft/min. Fig. 1 5  shows t h e  
permissible  s t r o k e  dimension f o r  var ious m a x i m u m  engine speeds. 

Problems a r i s e  i f  d i e s e l  engines  are 

i 



i 

I r 

/ 

600 

500 

- 
m - 
2. ‘w 

8 
L 3w 

5 
; 2w 

0 

2 

100 

61 

\ 
\ 

FIG.15 

\ \  
Stroke Bore ;;*, 
P1st.m speed 25OOttlmm 

1 2 3 L  5 6  
revlmin lx 10001 

1 2 3 4 5 6 
rw/m,n l X l O 0 O l  

FIG 17 - 
FIG. t6 

I 



62  

3.  Stroke t o  Bore R a t i o  - For i n d i r e c t  i n j e c t i o n  d i e s e l s ,  a s t roke/bore 
r a t i o  of between 1.0 and 0.85 i s  possible .  
l i m i t  on c y l i n d e r  capac i ty  for  a given rev/min. and p i s t o n  speed. 
Fig. 1 6  shows the pe rmis s ib l e  maximum speed of var ious capaci ty  s i x  
cy l inde r  engines.  

90 l b f / i n 2  b.rn.e.p. a t  m a x i m u m  speed. 
t h e  horsepower l i m i t  a t  va r ious  r a t e d  speeds for the s i x  c y l i n d e r  engine. 

This t h e r e f o r e  sets a 

4. B.M.E.P. - Normally a s p i r a t e d  d i e s e l  engines should produce 
Using th i s  value,  Fig. 17 shows 

5. Supercharging - More power can be obtained by turbocharging, bu t  
l imi t ed  by t h e  temperature  of p i s t o n s ,  r i n g s ,  cy l inde r  head f a c e  and 
valves,  and c y l i n d e r  pressure.  By turbocharging, an i n c r e a s e  i n  power 
of 30% may b e  expected. 

6. Engine bulk - D i e s e l  eng ines  tend t o  be longe r  than gasolene engines  
due t o  water passages between bores,  more robus t  c r anksha f t  and bear ings 
and heavy duty t iming  d r ive .  

Siamesed c y l i n d e r s  may b e  used for  l i g h t  duty app l i ca t ions ,  bu t  problems 
due t o  c y l i n d e r  d i s t o r t i o n  a r e  l i k e l y .  

The h e i g h t  i s  u s u a l l y  g r e a t e r  t h a n  for  an equ iva len t  gasolene engine,  
due t o  longe r  s t r o k e  and t h i c k e r  head. Ca rbure t to r s ,  however, f r equen t ly  
add t o  t h e  h e i g h t  o f  gasolene engines.  
a larger volume of o i l .  

There i s  l i t t l e  d i f f e r e n c e  i n  engine width,  p a r t i c u l a r l y  i n - l i n e  engines. 

The bulk of a d i e s e l  i s  l i k e l y  to be up t o  50% g r e a t e r  f o r  a given 
cy l inde r  capac i ty .  

O i l  pans tend t o  be deep t o  hold 

7. Engine weight - Where c a s t  i r o n  i s  used f o r  t h e  blocks and heads of 
both d i e s e l  and gasolene engines,  t h e  d i e s e l s  a r e  usua l ly  heavier .  This 
can m o u n t  t o  100% more for  equal power, normally a sp i r a t ed .  

Fig. 18 shows a comparison between a l i g h t  commercial v e h i c l e  d i e s e l  
engine and a t y p i c a l  compact ca r  gaso lene  engine. 



I 

FIG. 18. 

63 

ENGINE COMPARISON 

MAIN DIMENSIONS. 

Diesel Engine 

Cylinder  block l eng th  

Length engine from r e a r  
f a c e  cy l inde r  block 
t o  f r o n t  of f a n  

Height o f  water  pump 

Depth of sump 

Height above c ranksha f t  

Overal l  he igh t  

Width L.H. 
Looking from 
drivers seat 

Width R. H. 
Looking from 
d r i v e r s  s e a t  

Overal l  width 

Engine weight ( lb s . )  
(d ry )  

inches 

27.6 

36.6 

8.2 

10.6 

18.4 

29.0 

10.7 

12.5 

23.2 

708 

Flywheel p l u s  
backplate.  
S t a r t e r  p lus  
a l t e r n a t o r  p lus  
fan. 

Six Cylinder  Gasolene 
Chrysler  225 i n s 3  "RG" 
Inc l ined  30' from Vert. 

inches 

26.1 

31.0 

6.7 

8.6 

18.3 

26.9 

9.0 

13.8 

22.7 

475 

Al te rna to r  p l u s  
a i r  c l eane r  only. 
555 l b s .  i f  t o  
equivalent  
s p e c i f i c a t i o n  

Y 


